Abstract In 2008, the stable seagrass beds of the Mira estuary (SW Portugal) disappeared completely; however, during 2009, they have begun to present early symptoms of natural recovery, characterised by a strongly heterogeneous distribution. This study was designed to investigate the spatial and temporal variability patterns of species composition, densities and trophic composition of the benthic nematode assemblages in this early recovery process, at two sampling sites with three stations each and at five sampling occasions. Because of the erratic and highly patchy seagrass recovery and the high environmental similarity of the two sampling sites, we expected within-site variability in nematode assemblages to exceed between-site variability. However, contrary to that expectation, whilst nematode genus composition was broadly similar between sites, nematode densities differed significantly between sites, and this between-site variability exceeded within-site variability. This may be linked to differences in the Zostera recovery patterns between both sites. In addition, no clear temporal patterns of nematode density, trophic composition and diversity were evident. Nematode assemblages generally resembled those of other estuarine muddy intertidal areas, which have a high tolerance of stress conditions.
Introduction
Seagrass beds comprise some of the most heterogeneous landscape structures of shallow-water estuarine/marine ecosystems in the world. They have important ecological roles and provide high-value ecosystem services (Costanza et al. 1997 ). Many studies have reported that seagrass beds harbour higher productivity, biomass, abundance and diversity of benthos compared to unvegetated sediments (Boström and Bonsdorff 1997; Edgar et al. 1994; Hemminga and Duarte 2000; Hirst and Attrill 2008; Webster et al. 1998) . Their high sensitivity to environmental deterioration and widespread geographical distribution also make seagrasses useful 'miner's canaries' of coastal deterioration (Marbà et al. 2006; Orth et al. 2006) .
There have been numerous reports of seagrass decline worldwide, indicating that seagrass habitats are undergoing a global crisis with important consequences for coastal biodiversity, environmental status and even economy (Boström et al. 2006; Hughes et al. 2009 ). Unprecedented decline of Zostera noltii Hornem. meadows has also been reported in Portuguese estuaries during the last decade (Cunha et al. 2013) . In 2008, the Z. noltii beds of the Mira estuary disappeared completely (Cunha et al. 2013) . The causes of the seagrass loss have not yet been determined, but changes in sedimentation dynamics may be an important driver of seagrass habitat loss (Fourqurean and Rutten 2004) .
During 2009, the Z. noltii bed of the Mira estuary began to show early symptoms of natural recovery, characterised by
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pulses with an irregular spatial and temporal distribution of the small-sized seagrass patches, which change habitat configuration. Therefore, both spatial and temporal distributions of Z. noltii have become strongly heterogeneous (Cunha et al. 2013) .
Nematodes are the most diverse and numerically dominant metazoans in aquatic habitats, from pristine to extremely polluted. They are widely regarded as suitable organisms to study potential ecological effects of natural and anthropogenic disturbances in aquatic ecosystems (Alves et al. 2013; Austen and Widdicombe 2006; Schratzberger et al. 2000) . Nematode diversity may also be strongly linked with ecosystem functioning (Danovaro et al. 2008) , and changes of their community structure can reflect changes in environmental conditions, making them particularly informative in the assessment of estuarine and marine biological integrity (Danovaro et al. 2008; Norling et al. 2007; Patrício et al. 2012) . Seagrass structural complexity is often an important determinant of the temporal and spatial distributions of benthic nematode assemblages, closely coupled with the physicochemical regime, the trophic dynamics and the biological factors of the environment such as competition and predation pressure (Adão 2004; Ansari and Parulekar 1993; Bouvy and Soyer 1989; Escaravage et al. 1989; Eskin and Coull 1987; Ólafsson and Elmegren 1997; Schizas and Shirley 1996) . Some studies have clearly demonstrated that nematode assemblages have higher abundance and diversity in seagrass beds than in neighbouring bare sediments (Alongi 1987; Escaravage et al. 1989; Fisher and Sheaves 2003) , but this is not always the case Danovaro 1996; Fonseca et al. 2011) .
Therefore, the main aim of this study was to investigate the temporal and spatial variabilities of genus composition, density, taxonomic and functional diversity of the nematode assemblages during the early natural recovery process of the Z. noltii beds in the Mira estuary. Field observations prompted us to include a spatial component, because during the period of the study no stable seagrass vegetation patches emerged. Instead, low-biomass patches continually emerged, disappeared and re-appeared at slightly different positions, creating a dynamic mosaic of Z. noltii patches interspersed with bare sediment patches. Therefore, it was hypothesised that this combined spatio-temporal variability in the vegetation cover would also contribute to a high (micro)habitat diversity and hence to a high taxonomic and functional diversity of benthic nematode assemblages. The following research questions were addressed: Do the nematode genus composition, density and trophic composition (i) vary temporally in parallel with the temporal pattern of the seagrass vegetation and (ii) vary spatially during the early recovery of Z. noltii? Understanding the distribution patterns and their interaction under changing environmental conditions is an important baseline for ecological investigations of habitat recovery (Borja et al. 2010; Verdonschot et al. 2012 ).
Materials and Methods

Sampling Area and Design
Sampling was performed in the Mira estuary, south-western coast of Portugal (37°40′ N, 8°40′ W; Fig. 1 ), a small mesotidal system with a semidiurnal tidal regime (amplitude 1-3 m during neap and spring tides, respectively). In the Mira estuary, the maximum depth is 5 m, the maximum width of the water is 400 m, and the tidal influence extends to ca. 40 km upstream. Due to the low, seasonal, and limited freshwater input, the lower section of the estuary has a dominant marine signature and was characterised until 2008 by extensive and homogenous Z. noltii meadows, exhibiting a strong seasonality with higher biomass in warmer months (Cunha et al. 2013 ). This estuary is considered relatively undisturbed (Costa et al. 2001) . The fluctuations of physico-chemical parameters result mainly from natural pressures including (i) its morphology, since the terminal section of the river is rather regular and facilitates the upstream tidal penetration; (ii) a normally reduced outflow determined by the Santa Clara dam construction during the 1960s and the region's annual rainfall distribution (concentrated between January and March, with the rest of the year usually being dry; Paula et al. 2006) ; and (iii) the dynamic sedimentation, with coarse sediments near freshwater and sea and muddy sediments in the lower and medium sections of the estuary. In 2008, the Z. noltii meadows disappeared completely. Signs of natural recovery have been observed since 2009 (Cunha et al. 2013) . To evaluate the temporal and spatial distribution patterns of nematode communities during the early recovery of the seagrass, sampling was conducted in the intertidal Z. noltii beds at neap low tide on the following five sampling occasions: February 2010, June 2010, September 2010, December 2010 and February 2011, at two sites (A, ca. 1.5 km from the mouth of the estuary, and B, 2 km upstream; Fig. 1 ). Samples were collected randomly from three stations (St1, St2 and St3) at each site, with a distance of 50 m between them.
Sampling and Sample Treatment
Environmental Data
Salinity, temperature (°C), pH and dissolved oxygen (DO; mg L −1 ) of the overlying water just above the sediment were measured in situ using a WTW InoLab Multi 720 field probe. At each site and sampling occasion, sediment samples were taken randomly to determine the organic matter (OM) content and grain size. Sediment organic matter content was determined based on the difference between the dry weight of each sample after oven-drying at 60°C for 72 h followed by combustion at 450°C for 8 h and was expressed as a percentage of the total weight. Grain size was analysed by dry mechanical separation through a column of sieves of different mesh sizes, corresponding to the five classes described by Brown and McLachlan (1990) : (a) gravel (>2 mm), (b) coarse sand (0.5-2 mm), (c) medium sand (0.25-0.5 mm), (d) fine sand (0.063-0.25 mm), and (e) silt and clay (<0.063 mm). The relative content of the different grain-size fractions was expressed as a percentage of the total sample weight. Three replicate Z. noltii samples were collected haphazardly on each sampling occasion at each site (A and B) using sediment hand cores with a surface area of 141 cm 2 down to 30 cm depth. The roots were separated from the leaves and dried at 60°C for 48 h. Leaf and root biomass were estimated by their organic weight and ash-free dry weight (AFDW, gm −2 ). AFDW was obtained as the weight loss of the dry material after combustion at 450°C for 8 h in a muffle furnace (Heraeus KR 170E).
Biological Data
At each sampling station, three replicate sediment samples of the upper 3 cm were collected using hand cores (4.6-cm inner diameter). All samples were preserved in 4 % buffered formaldehyde. Sediments were rinsed over a 1000-μm mesh and a 38-μm mesh, and nematodes were extracted from the fraction retained on the 38-μm sieve using repeated (three times) density gradient centrifugation in colloidal silica (Heip et al. 1985) . After extraction, all nematodes were counted under a stereomicroscope (×40 magnification). A random set of 120 nematodes was picked from each replicate, transferred through a graded series of glycerol-ethanol solutions, stored in anhydrous glycerol, and mounted on slides (Vincx 1996) . Nematodes were identified to genus level using pictorial keys (Platt and Warwick 1988) and online identification keys/literature available in the Nemys database (Vanaverbeke et al. 2014) . Nematode genus level is considered a taxonomic level with good resolution to discriminate disturbance effects (Moreno et al. 2008; Schratzberger et al. 2008; Warwick et al. 1998 ).
Data Analysis
Univariate and multivariate analyses to detect temporal and spatial changes in the community structure were performed using the PRIMER v6 software (Clarke and Warwick 2001) with the permutational analysis of variance (PERMANOVA) add-on package (Anderson et al. 2008) . A principal component analysis (PCA) of the environmental variables was performed to examine patterns in multidimensional data by reducing the number of dimensions, with minimal loss of information. The PCA ordination was based on the average of the environmental factors measured by 'sites' and 'sampling occasions'. Prior to the calculation of the environmental parameter resemblance matrix based on Euclidean distances, data were checked for normal distribution, and if necessary were log (X + 1) transformed prior to analysis, then normalised by subtracting the mean and dividing by the standard deviation for each variable.
Nematode genus composition, total density (individuals 10 cm −2 ), trophic composition and several ecological indicators based on taxonomic diversity, Shannon-Wiener diversity (H′; Shannon and Weaver 1963) and expected number of nematode genera (ES(51); Bianchelli et al. 2013 ); on functional diversity, index of trophic diversity (ITD; Heip et al. 1985) ; or on ecological strategies, maturity index (MI) (Bongers Fig. 1 Mira estuary (Portugal), indication of sampling sites (black circles)-A ca. 1.5 km from the mouth of the estuary and B 2 km upstream the river mouth 1990; Bongers et al. 1991) , were calculated using the nematode dataset for each site, station and sampling occasion. Nematode genera were assigned to one of four feeding groups according to Wieser (1953) , mainly on the basis of their mouth morphology. Based on this classification, the ITD was calculated as the sum of the squared proportional abundances of each feeding type (Heip et al. 1985) . The reciprocal value of this trophic diversity index (θ − 1 ) was used, so that the higher values of the index correspond to a higher trophic diversity. Nematode genera were assigned a value on a coloniser-persister scale (c-p scale) from 2 (colonisers) to 5 (persisters), where taxa with rapid growth and reproduction and usually high tolerance to disturbance are considered colonisers, whereas persisters are slow-growing and often more sensitive taxa which thrive well in fairly stable and pristine environments (Bongers 1990; Bongers et al. 1991) . The MI was then calculated as the weighted average of the individual coloniser-persister (c-p) scores as
is the c-p value of the taxon i and f(i) is the frequency of that taxon.
A three-way PERMANOVA was applied to test the null hypotheses that no significant temporal (amongst sampling occasions) and spatial differences (between sites and stations) existed in the nematode assemblage descriptors, genus composition, total density, H′, ES(51), ITD, and MI. All PERMANOVA analyses were carried out with the following three-factor design: sampling occasion, February 2010, June 2010, September 2010, December 2010 and February 2011 (five levels, fixed); site, site A and site B (two levels, random); and 'station', station 1, station 2 and station 3 (three levels, random, nested in site).
Nematode density data were square-root transformed in order to scale down the importance of highly abundant nematode genera. The PERMANOVA analysis was conducted on a Bray-Curtis similarity matrix (Clarke and Green 1988) . If the number of permutations was lower than 150, the Monte Carlo permutation p was used. Whenever significant interaction effects were detected, these were examined using a posteriori pairwise comparisons, using 9999 permutations under a reduced model. The similarity in communities amongst sampling occasions, sites and stations was plotted by principal coordinate analysis (PCO) using the Bray-Curtis similarity measure. The relative contribution of each genus to the average dissimilarities amongst sampling occasions, sites and stations was calculated using two-way-crossed similarity percentage analysis (SIMPER; cutoff percentage 90 %).
The relationships between multivariate community structure and environmental variables were examined using the BIOENV procedure (Clarke and Ainsworth 1993) , which calculates rank correlations between a similarity Bray-Curtis matrix derived from biotic data and Euclidean distance matrices derived from various subsets of environmental variables, thereby defining suites of variables which 'best explain' the biotic structure (Somerfield et al. 1994 ). This procedure was done using Spearman's rank correlation coefficient (ρ).
Results
Environmental Variables
Based on the environmental variables measured, both sites (A and B) were very similar on most sampling occasions. As expected, the biomass of Z. noltii was very low and strong fluctuations were registered throughout the study period; at site A, highest values were recorded in June and September 2010, followed by a complete disappearance in December 2010 and a marginal re-appearance in February 2011 (Fig. 2) . Although slightly higher values of Z. noltii biomass occurred at site B, strong fluctuations were also found here.
The highest values were registered in February 2010, whereas a complete absence occurred in June 2010 (Fig. 2) .
Sediment fractions at both sites were dominated by fine sand (site A-46.3 % and site B-56.4 %) and medium sand (site A-23.9 % and site B-18.6 %), followed by silt and clay (site A-15.1 % and site B-15.6 %), coarse sand (site A-12.3 % and site B-8.1 %) and gravel (site A-2.1 % and site B-1.1 %). The PCA ordination of the environmental variables showed that the first two components (PC1, 40.6 %, and PC2, 25.1 %) together accounted for about 65.7 % of the variability in the data. The PCA ordination did not separate sites A and B, and as expected, strong temporal fluctuations of all environmental variables occurred at both sites (Fig. 3) .
Nematode Assemblages-Density
Over all sampling occasions, the density of nematodes was consistently significantly (p < 0.05) higher at site B than at site A (Table 1 and Fig. 4) . No significant differences of nematode densities were detected amongst stations (p > 0.05; Table 1 ).
Significant interactions between factors site, station and sampling occasion were revealed but not between factors site and sampling occasion (Table 1) . Individual pairwise comparisons on the three-way interaction (site, station and sampling occasion) revealed significant differences at site A in December 2010 between stations 2 and 3 (p < 0.05) and in February 2011 between stations 1 and 2 (p < 0.05; Table 1) . At site B, significant differences were detected in September 2010 between stations 1 and 3 (p < 0.05) and in February 2011 between stations 2 and 3 (p < 0.05; Table 1 ). These results, supported by the PCO ordination plot, clearly reflect temporal differences between sites (Fig. 5) .
Nematode Assemblages-Structural Diversity
A total of 67 nematode species were identified at site A, belonging to 53 genera and 21 families. Most genera belonged to the orders Monhysterida (53.7 %), Chromadorida (41.5 %) and to a lesser extent Enoplida (4.6 %). The dominant families were Linhomoeidae (30.6 %), Comesomatidae (19.0 %), Desmodoridae (13.4 %) and Axonolaimidae (14.0 %). The four genera Terschellingia (20.7 %), Paracomesoma (17.1 %), Spirinia (11.4 %) and Odontophora (10.2 %) together comprised nearly 60 % of total nematode abundances. At site B, 77 species were recorded belonging to 53 genera and 23 families from the same three orders, Monhysterida (49.7 %), Chromadorida (44.8 %) and Enoplida (5.5 %). Linhomoeidae (32.4 %) and Comesomatidae (24.2 %) together accounted for ca. 57 % of total nematode abundances, and all other families contributed less than 10 % each. Amongst the four most abundant genera, Spirinia was replaced by Linhomoeus in comparison to site A. These top four genera now accounted for just near half of the total nematode abundances (see Supplementary Material-Annex).
Genus richness and structural diversity based on ES(51) and Shannon-Wiener values (H′; Fig. 6 ) did not show significant differences across sites, stations or sampling occasions nor did it show any significant interaction effect (p > 0.05 for all; Table 1 ). Only six nematode genera contributed approximately 75 % to the similarity at sites A and B, whilst 24 genera together accounted for 75 % of the dissimilarity between sites (SIMPER analysis; Table 2 ). Bold values highlight significant effects and interactions (p < 0.05)
Nematode Assemblages-Trophic Composition
The nematode assemblages were characterised by high abundances of non-selective deposit feeders (1B), followed by epigrowth feeders (2A), selective deposit feeders (1A) and omnivores/predators (2B) (Fig. 7) . Non-selective deposit feeders (1B) were the most abundant trophic group from September 2010 to February 2011 at both sites. Epigrowth feeders (2A) were the most abundant feeding group in February and June 2010 (Fig. 7) . PERMANOVA analysis of the trophic composition only showed significant differences between sites (p < 0.05) and a significant interaction between factors site, station and sampling occasion (p < 0.05; Table 1 ). Individual pairwise comparisons on the interaction factor revealed a low variability amongst sampling occasions and between stations, although some significant differences were detected. The analyses of index of trophic diversity (ITD −1
; Fig. 8 ) did not detect any significant differences across sites, stations or sampling occasions nor did they show any significant interaction effect (p > 0.05 for all; Table 1 ).
Nematode genera with a c-p score of 2, described by Bongers and Bongers (1998) 'site' A and B (two levels, random); and 'station' 1, 2 and 3 (three levels, nested in site). PCO1 = 27.9 % and PCO2 = 12.2 % comprised ca. 58 % of the total nematode abundance, followed by nematodes with a c-p score of 3 (29 %) and 4 (13 %). The MI at site A ranged from 2.32 ± 0.12 (station 1, February 2010) to 2.61 ± 0.02 (station 1, September 2010). At site B, it ranged from 2.16 ± 0.01 (station 1, February 2011) to 2.51 ± 0.07 (station 1, February 2010; Fig. 8 ). PERMANOVA analysis of the MI revealed significant differences between sites (p < 0.05) and between stations (p < 0.05) but no significant interaction effects (Table 1) .
Separate BIOENV analyses were performed for each sampling occasion and site in order to analyse the main factors responsible for the distribution of nematode communities. The BIOENV analyses showed only pH with a positive Spearman's rank correlation (ρ = 0.013) and all other variables with negative Spearman's rank correlation with the nematode assemblage composition.
Discussion
The causes of the Z. noltii collapse in the Mira estuary remain unclear. The absence of visible anthropogenic pressures suggests that spatial and temporal patterns of the measured environmental variables are mainly related to the natural characteristics of this estuarine system (Paula et al. 2006) .
The total disappearance of Z. noltii seagrass beds in the Mira estuary in 2008 was followed by a very partial recovery process, characterised by patches of vegetation alternating in space and time, giving a strongly heterogeneous temporal and spatial distribution of seagrass beds. The biomass of Z. noltii throughout the study period remained very low, without any consistency in the temporal fluctuations over the two sampling sites. The area covered by vegetation remained considerably smaller than before the collapse (Cunha et al. 2013 ). Nematode assemblages reflect habitat variability in that they have strongly heterogeneous distributions and horizontal patchiness (Cunha et al. 2013; De Troch et al. 2000) . Physical factors typically determine macro-scale (e.g. kilometre scale) patterns of nematode assemblages, whilst food distribution, habitat structure (including presence and patchiness of vegetation (Bell et al. 2001) , biotic interactions and reproductive behaviour cause micro-scale (e.g. metre scale) heterogeneity (Li et al. 1997; Moens et al. 1999) . It was expected that the high temporal and spatial variabilities of Z. noltii vegetation during the early recovery process would translate in a high variability of nematode abundance, diversity and trophic composition amongst sites, stations and sampling occasions.
A high variability of nematode density indeed emerged between sampling sites, with significantly higher values at site B. These differences in nematode densities may be related with the slightly higher values of Z. noltii biomass and the higher fine sand content at site B, compared to higher proportions of mean sand, coarse sand and gravel at site A. This is in agreement with earlier studies showing generally higher nematode abundances in finer sands (Moens et al. 2013 ) and with previous work at the same two field sites (Adão et al. 2009 ). In fact, there is a clear relationship between the decline in seagrass and the increase of sediment grain size (Cabaço et al. 2008; Valle et al. 2014) , and both changes can directly impact nematode assemblage composition and abundance (Adão et al. 2009; Ferrero et al. 2008; Fisher and Sheaves 2003; Fonseca et al. 2011) .
The spatial variation of nematode densities was nevertheless smaller within (i.e. between stations) than between sites. This is at least partly counter to our expectation, since it implies that the marked increase of habitat heterogeneity imposed by the spatially and temporally irregular distribution of the Z. noltii patches during early recovery did not cause a particularly high degree of variability of the nematode assemblages between stations within sites. Several studies have demonstrated that spatial habitat heterogeneity has a determining role in the high variability of nematode assemblages (Coull 1988; Li et al. 1997; Soetaert et al. 1995) . However, a recent study on the food web structure in the same sampling area has demonstrated that seagrass associated carbon inputs, and hence, resources for nematodes extend well beyond the borders of the actual vegetation patches , which may be one explanation for the relatively low heterogeneity of nematode assemblages at the level of stations.
In addition, despite the significant differences amongst sampling occasions, no clear temporal patterns of nematode density were observed. Temporal variability was also higher between than within sites, confirming that the temporal effects were not always consistent between sites, which agrees well with the different timing of biomass peaks and troughs of Zostera observed at sites A and B.
The genus composition and the identity of the dominant genera observed were typical of nematode assemblages from estuarine muddy intertidal sediments; mud-adapted genera belonging to the families Linhomoeidae (Terschellingia and Linhomoeus), Comesomatidae ( Paracomesoma), D e s m o d o r i d a e ( S p i r i n i a ) , a n d A x o n o l a i m i d a e (Odontophora) were most prevalent (Fonseca et al. 2011; Moens et al. 2013; Ólafsson et al. 2000; Smol et al. 1994; Soetaert et al. 1995; Steyaert et al. 2003) . These genera share a high tolerance to hypoxic conditions (Jensen 1984; Steyaert et al. 2007 ) and often have a slender body morphology that may facilitate their movement through fine sediments (Heip et al. 1985; Warwick 1971) . The two most abundant genera observed in this study, Terschellingia and Paracomesoma, are known to thrive in naturally and/or anthropogenically disturbed habitats (Alves et al. 2013; Armenteros et al. 2009; Fonseca et al. 2011; Gambi et al. 2009; Moreno et al. 2008; Steyaert et al. 2007) . Terschellingia apparently obtains most of its carbon from chemoautotrophic bacteria and does so consistently in both vegetated and non-vegetated tidal sediments, suggesting that it does not directly depend on the presence of seagrass vegetation .
No significant differences were found in species richness and structural diversity across sites, stations or sampling occasions. This is again counter to our hypothesis that the high spatio-temporal variation in vegetation cover would lead to a higher variability in nematode diversity, particularly because several studies have demonstrated a higher biodiversity and abundance of benthos in sediments of seagrass beds compared to the surrounding bare sediments (Connolly 1997; Heck et al. 1995; Hirst and Attrill 2008) . Nevertheless, Fonseca et al. (2011) showed that nematode abundance and diversity (both richness and Shannon-Wiener diversity) did not differ significantly between vegetated and surrounding bare habitats, but differences in terms of nematode species and feeding group composition did. In contrast, when comparing nematode communities between two distinct ecological situations, before and after the collapse of Z. noltii, results showed differences on abundance and diversity (both richness and ShannonWiener diversity) but no differences in terms of dominant species and feeding group composition (Materatski et al. 2015) .
The different trophic composition of nematode communities between sites can be partly explained by the higher abundance of non-selective deposit feeders (1B) at site B. The nematode assemblages were dominated by non-selective deposit feeders (1B) and epigrowth feeders (2A), as is often the case in intertidal muddy sediments and in seagrass beds (Aryuthaka and Kikuchi 1996; Bouwman et al. 1984; Escaravage et al. 1989; RzeznikOrignac et al. 2003) . Seagrass leaves, also when shed, support a diverse epiphyte community that is heavily grazed by small invertebrates such as benthic nematodes (Heip et al. 1985) . Furthermore, a dual stable isotope study at the same two sites demonstrated that microphytobenthos (MPB) was amongst the main resources of a majority of nematode taxa in Z. noltii patches as well as in surrounding bare muds , supporting the contention that MPB in seagrass beds can be an important food source for epigrowth feeders Fisher and Sheaves 2003; Fonseca et al. 2011; Moens and Vincx 1997) but probably also for many deposit feeders which rely on MPB in bare tidal flats (Moens et al. 2005; Moens et al. 2014; Moens and Vincx 1997) . However, seagrass detritus, epiphytic microalgae and suspended particulate organic matter (SPOM) also contributed to some extent to the diets of particular nematode taxa in the Mira estuary . This can be an explanation for the higher contributions of non-selective and selective deposit feeders at site B, which generally exhibited higher Zostera biomass than site A.
Coupled with taxonomic diversity, functional trait information is important for interpreting distribution patterns of communities and their responses to environmental disturbance (Schratzberger et al. 2008 ). The two ecological indices used here, ITD and MI, behaved differently. No temporal and spatial patterns emerged based on ITD values. The high values of the ITD represent a high trophic diversity (Moreno et al. 2011) , common of muddy and seagrass sediments, which are typically diverse in resources (Alves et al. 2013; Fonseca et al. 2011; Losi et al. 2013; Moreno et al. 2008) . The classification based on trophic groups has the disadvantage of confining nematode species to a single trophic group (Heip et al. 1985) , which may not adequately represent the real complexity of their feeding habits (Moens and Vincx 1997; Vafeiadou et al. 2014 ). Significant changes in this index can be obtained only when strong variations in nematode assemblage structure occur. The MI results, by contrast, are based on life-history information. They did show significant differences between sampling sites, although both sites presented a dominance of general opportunists. The low values of MI are typical of disturbed and/or oxygen-depleted habitats (Bongers and Bongers 1998; Gyedu-Ababio and Baird 2006) . The high degree of variability of its abiotic characteristics renders most intertidal environments prone to have relatively low MI values. In addition, seagrass and muddy sediments tend to have similar dominant nematode genera, many of which have a c-p score 2 or 3, limiting the discriminatory power of MI in this type of environment. In fact, Moreno et al. (2011) suggested that the MI values enable a rough separation between sites, distinguishing only the extreme conditions of disturbance.
Conclusion
In conclusion, the spatial and temporal distribution patterns of the nematode assemblages did not reflect the increased patchiness of the sediments provided by the natural recovery of Z. noltii at the Mira estuary. The environmental conditions driving the spatial and temporal variabilities of the nematode assemblages did not change significantly during the early recovery process. Nematode assemblages were characterised by a high density and diversity and generally resembled those of other estuarine muddy intertidal areas, which have a high tolerance to stress conditions.
